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Results

Abstract

Primer Viability

Borrelia burgdorferi is the bacterial causative agent of Lyme disease, which is transmitted through the bite of
the black-legged tick (Ixodes scapularis). I. scapularis transmits Lyme disease to a wide variety of hosts such
as humans, canines, equines, and bovines. Lyme disease is the most prevalent arthropod-borne disease in the
United States. The focus of this study was to develop a protocol for testing the presence of B.burgdorferi within
ticks. DNA was extracted from approximately 6,000 ticks collected between 2005 and 2012 from both
Minnesota and Wisconsin. A quantitative PCR (qPCR) was developed using iTaq Universal SYBR green
supermix, and the primers of RecA for Borrelia DNA, and ITS2 for the I. scapularis DNA. The ITS2
amplifications served as a control for the viability of the DNA. The RecA amplifications showed if the ticks had
B. burgdorferi and were compared to positive and negative controls. The findings to date have shown that the
volume of 1.5µLf RecA per sample, and 0.5µL ITS2 per sample had the best results. The next step will be to
continue testing the tick DNA extractions to determine if unknown tick DNA will amplify consistently. Once
the protocol is fully developed the prevalence of B. burgdorferi in ticks from 2005-2012 will be analyzed.

Introduction
In the United States Lyme disease is the most prevalent arthropod-borne infection, which is caused by the
bacteria Borrelia burgdorferi. The bacteria is transmitted via ticks, specifically from the tick species Ixodes
scapularis (Chang et. al., 2000). These ticks transmit B. burgdorferi through a blood meal of its host. Common
hosts of the Ixodes ticks are humans, canines, bovines, and equines. In a past study, it was discovered that
polymerase-chain reaction (PCR) analysis was a sensitive and reliable test for B. burgdorferi DNA (Chang et.
al., 2000). In another study standard PCR was used for tick DNA but it was found that multiplex real-time PCR
was a cheap, efficient, and reliable way to test tick DNA (Wright et. al., 2014). From this study it was decided
to use quantitative PCR (qPCR) for both the I. scapularis DNA and the B. burgdorferi DNA.
This study focused on the DNA of I. scapularis and the presence of B. burgdorferi within these ticks. The ticks
collected were in southern Minnesota and west central Wisconsin between 2005 and 2012., A total of
approximately 6,000 ticks total were collected. To test for the presence of B. burgdorferi iTaq Universal SYBR
green supermix(SYBR), and the primer RecA in a qPCR were used. SYBR and ITS2 primers were used to test
the ticks for I. scapularis DNA which served as a control for the viability of the DNA samples. The goal of the
project was to develop a qPCR to test whether there is B. burgdorferi present in the I. scapularis ticks and use
this assay to test the ticks previously collected for this study.

Discussion
Figure 1 Borrelia positive
control dilutions and how they
spike in a q-PCR. (Dilutions
from 1:100 to 1:10000000)
from left to right.

Unknown Ticks

Figure 3 A q-PCR done with
unknown ticks along with a
standard negtive and
positive control.

Test of Primer Viability

Test for Borrelia sensitivity
Next, a q-PCR was done using different dilutions of B. burgdorferi positive control (undiluted, 1:10, 1:100,
1:1000, 1:10000, 1:100000, 1:1000000). These dilutions were run with SYBR (10μl), RecA F1 and R1 (2.5μl)
and water (4μl). 1μl of each dilution was added for each sample. Next, q-PCR was done using different
concentrations of the ITS2 F1 and R1 primer. The ITS2 dilutions included (0.5μl, 0.75μl, 1.0μl, 1.5μl). Fiftyeight ticks were then DNA quantified using a Nanodrop and their concentration, A280/A260, and A260/A230
levels were recorded. Then, a q-PCR was done for different iTaq Universal SYBR green
supermix concentrations (5μl, 6μl, 7μl, and 8μl). Finally, q-PCR was done for different tick DNA sample
amounts (3μl and 4μl). In addition, the number of samples run in a q-PCR was scaled up and scaled down (6
samples to 18 samples).

Tests for Borrelia detection within tick isolates via spiked ticks
Next, a q-PCR was ran using iTaq Universal SYBR green supermix (10 μl), with ITS2 F1 and R1 primers (1.5
μl ) and RecA F1 and R1 primers (2.5 μl), and water (3 μl and 3 μl respectfully). Each tick DNA sample (3 μl )
was spiked with 1μl of a 1:10 dilution of positive B. burgdorferi control. A "positive" control for each primer
was included by replacing the tick DNA sample with water (3μl). Then, ticks were spiked using both the
1:10000, 1:100000, 1:1000000, and 1:10000000 dilutions (1μl) along with iTaq Universal SYBR green
supermix (10μl), RecA F1 and R1 (2.5μl), and water (1μl). Both protocols were repeated for viability of the
results.

Tests for Borrelia detection within unknown tick samples
Preliminary final working protocol showed promising results with iTaq Universal SYBR green supermix (8μl),
ITS2 F1 and R1 (0.5μl), RecA F1 and R1 (1.5μl) with water (8μl and 6μl respectfully). Tick DNA samples were
tested at 3μl along with a negative control of 3μl with replacement of water for ITS2 samples. In the same
protocol,a positive and negative control with RecA with a replacement of water (3μl) for negative control and
B. burgdorferi positive control (1:100000 at 1μl). The tick DNA samples were unknown male ticks (meaning
they had not been previously tested for B. burgdorferi). Unknown protocols were repeated for repeatability of
results and continue to be run with the sample pool of ticks.

To determine the optimal volume of primers, PCR's were run using different volumes. It was discovered that
to test the tick DNA using a qPCR with a 20 μL reaction volume the measurements that had the best results
are as follows: SYBR (8μl), ITS2 F1 (0.5μl), ITS2 R1 (0.5μl), ddH2O (8μl), and tick DNA samples of (3μl).
To test the B. burgdorferi DNA with a 20 μL reaction volume the measurements that had the best results are
as follows: SYBR (8μl), RecA F1 (1.5μl), RecA R1 (1.5μl), ddH2O (8μl), tick DNA samples at (3μl). These
discoveries are highlighted in Figure 2 and 3.
When we quantified the DNA of roughly 20 ticks via spiking them with B. burgdorferi positive control
dilutions, we found that our preliminary protocol can detect B. burgdorferi in tick samples up to a
1:10000000 dilution.. For further studies it was decided to use 1:100000 dilution of B. burgdorferi as
the positive control in future protocols because it spiked with the most consistent curve shown in Figure 1,
where the tallest curve in the 1:100000 dilution. Figure 4 is a protocol where the tick DNA samples were
spiked and it shows how the DNA would behave if Borrelia is present.

Ticks were collected in the Minnesota River Valley around Winona, MN and from Buffalo County, Wisconsin
between 2005-2012.
To develop the protocol, male ticks were amplified using; iTaq Universal SYBR green supermix (10μl) as a
PCR base, with primers ITS2 F1 and R1 (Ixodes specific) (2.5μl) along with tick DNA samples (3μl). Then
male ticks were amplified again (within the same protocol) using; iTaq Universal SYBR green
supermix (10μl), with primers RecA F1 and R1(Borrelia specific) (2.5μl) along with tick DNA samples (3μl).
The protocol was run with a negative control (replacing tick DNA with water) for ITS2 primer and a positive
(replacing the tick DNA sample with 1 μl of 1:10 dilution of positive B. burgdorferi control) and negative
control (replacing the tick DNA sample with water) for RecA primer.

Borrelia sensitivity

Known Spiked Ticks

Figure 2 Test set of ticks (Ixodes)
that were quatified
three seperate times and
showed consistent results
throughout the repeated
q-PCRs.

Materials and Methods

DNA was extracted from about 6,000 ticks in the southern Minnesota and Wisconsin area. The ITS2 region
of the tick DNA was amplified using the primers published in the study by Wright et al. 2014. The RecA gene
of the B. burgdorferi DNA was amplified using the primers RecA forward and reverse. Testing these primers
together (within the same sample) with the tick DNA did not work in the traditional multiplex polymerase
chain reaction (PCR) because only one of the two genes would amplify. Quantitative PCR worked the best
for the procedure testing the samples twice, once with the ITS2 primer and once with the RecA primer.
Figure 2 was a PCR performed during the time of these findings.

Figure 4 Tick samples that were
spiked with 1:10 dilution of
Borrelia positive control
and how Borrelia within a
tick sample presents in a qPCR.

After many PCR trials, it was found the protocol using iTaq Universal SYBR green supermix (8μL), ITS2 F1 and R1
(0.5 μL each), RecA F1 and R1 (1.5μL each) with water (8μL for ITS2 samples and 6μL for RecA samples), along with a
Borrelia positive control dilution of 1:100000 as a standard of comparsion to work best. Figure 3 (an unknown protocol
of collected ticks) used these volumes listed above to produce the results seen in the graph. Figure 1 shows dilutions of
Borrelia postive control from 1:100 to 1:10000000. The tallest curve seen in the graph is the 1:100000 dilution which
was chosen as the standard of comparsion for PCR protocols in future testing. Figure 4 shows how tick DNA behaves in
a PCR when Borrelia is present in the sample. This was done by adding 1μL of 1:10 dilution of Borrelia positive control
directly into the tick samples when preparing the PCR samples. Figure 2 is the final PCR in a series of three PCR's done
with the same protcol and tick samples (protocol was 10μL iTaq Universal SYBR green supermix, 1.5 μL of ITS2 F1
and R1, 2.5 μL of RecA F1 and R1, with 3μL of water for ITS2 samples and 1 μL of water for RecA samples. The figure
above show that the protocol is repeatable, it can detect Borrelia in tick DNA samples up to 1:10000000 dilution, and
the negative and positive control is a reliable standard of comparison.

When the 58 tick DNA were quantified it was discovered that less DNA is pipetted after vortexing the DNA
samples. The negative control for the tick DNA using the ITS2 primers consistently spiked but not until after
40 cycles. This is likely due to primer dimers forming because ITS2 spikes much earlier than Borrelia
(Figure 4). In the study published by Wright et al. 2014, the cycle threshold for the Ixodes species DNA was
<20from. Two ticks tested using the ITS2 primers did not amplify consistently, this was likely due to a bad or
old DNA sample. The positive control for the RecA tests has not consistently spiked. This may be due to not
enough vortexing, or too much vortexing. It also could be due to the 1:100,000 Borrelia dilution used for the
positive control not aging well. The data collected has not been consistent, this may be due to the instrument
used did not always work as intended, discovering the RecA primers volumes needed to be decreased for the
reactions, and a contamination issue within the lab. To continue this research more q-PCR’s need to be
performed and accurate quantification concentrations of our positive controls and tick samples need to be
obtained. It is possible that the age of the PCR components and tick samples could be affecting the results,
but more testing needs to be done.

Conclusions
• The protocol that has been found to show repeatable results is a q-PCR 20μL reaction volume and testing
the ITS2 and the RecA primers separately.
• ITS2 needs less primer than Rec A using the same thermal cycler conditions.
• Borrelia positive control can be amplified as far as 1:10,000,000 dilution, indicating the primers should be
capable of amplifying natural infections within ticks.
• Ticks spiked with Borrelia DNA amplified with both the ITS2 and RecA primers, also indicating the
primers should be capable of amplifying natural infections. ITS2 primers may be forming primer dimers at
approximately 40 cycles. More research needs to be done to get consistent results for this protocol in the
future.
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